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(57) ABSTRACT

A touch sensing device includes a touch screen including Tx
lines, Rx lines crossing the Tx lines, and touch sensors formed
at crossings of the Tx lines and the Rx lines, a Tx driving
circuit for supplying a driving signal to each of the Tx lines N
times, where N is a positive integer equal to or greater than 2,
and an Rx driving circuit for double sampling signals received
through the Rx lines in one period of the driving signal. The
Rx driving circuit includes a multiplexer which receives first
and second signals and switches on or off a signal transmis-
sion path of the first and second signals, and an integrator
which samples and integrates the first and second signals
received from the multiplexer.
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1
TOUCH SENSING DEVICE AND DOUBLE
SAMPLING METHOD THEREOF

This application claims the benefit of Korean Patent Appli-
cation No. 10-2012-0028468 filed on Mar. 20, 2012, the
entire contents of which is incorporated herein by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to a touch sensing
device and a double sampling method thereof.

2. Discussion of the Related Art

User interface (UI) is configured so that users are able to
communicate with various electronic devices and thus can
easily and comfortably control the electronic devices as they
desire. Examples of the user interface include a keypad, a
keyboard, amouse, an on-screen display (OSD), and aremote
controller having an infrared communication function or a
radio frequency (RF) communication function. User inter-
face technologies have continuously expanded to increase
user’s sensibility and handling convenience. The user inter-
face has been recently developed to include touch UI, voice
recognition U, 3D UL, etc.

The touch Ul has been used in portable information appli-
ances and has been expanded to the use of home appliances.
There is a mutual capacitive touch screen as an example of a
touch screen for implementing the touch Ul The mutual
capacitive touch screen can sense proximity input as well as
touch input and also recognize respective multi-touch (or
multi-proximity) inputs.

A method for sensing the touch screen input includes sens-
ing an output voltage to a touch sensor and comparing a
voltage change amount before and after a touch input with a
predetermined threshold voltage or counting the change in
voltage. Other methods have been known. As a method for
reducing an influence of noise added in the touch sensor of the
mutual capacitive touch screen, there is a method for remov-
ing DC offset included in a received voltage of the touch
sensor using a digital-to-analog converter (DAC). In the
mutual capacitive touch screen, the noise includes high fre-
quency noise, DC offset, and interference between Tx or Rx
channels, etc. The noise reduces a signal-to-noise ratio (often
abbreviated SNR) of a signal read from the touch sensor and
thus reduces the sensitivity of the touch sensor. If a ground of
a touch object, for example, a finger is shaken, the noise is
generated along a Tx line passing through a touch point.
Because the number and the amount of noise increase as the
number of multi-touch inputs increases, it is difficult to dis-
tinguish the touch points from one another.

SUMMARY OF THE INVENTION

Embodiments of the invention provide a touch sensing
device and a double sampling method thereof capable of
increasing a signal-to-noise ratio of a touch screen.

In one aspect, there is a touch sensing device including a
touch screen including Tx lines, Rx lines crossing the Tx
lines, and touch sensors formed at crossings of the Tx lines
and the Rx lines, a Tx driving circuit configured to supply a
driving signal to each of the Tx lines N times, where N is a
positive integer equal to or greater than 2, and an Rx driving
circuit configured to double sample signals received through
the Rx lines in one period of the driving signal.

The Rx driving circuit includes a multiplexer configured to
receive first and second signals and switch on or off a signal
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transmission path of the first and second signals, and an
integrator configured to sample and integrate the first and
second signals received from the multiplexer.

In another aspect, there is a double sampling method of the
touch sensing device including supplying a driving signal to
each of the Tx lines N times, where N is a positive integer
equal to or greater than 2, and double sampling signals
received through the Rx lines in one period of the driving
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 11is ablock diagram of a touch sensing device accord-
ing to an example embodiment of the invention;

FIGS. 2 to 4 illustrate various combinations of a touch
screen and a display panel according to an example embodi-
ment of the invention;

FIG. 5 is a flow chart sequentially illustrating an operation
of'an Rx driving circuit shown in FIG. 1;

FIG. 6 is a circuit diagram of an Rx driving circuit accord-
ing to a first embodiment of the invention;

FIG. 7 is a circuit diagram of an Rx driving circuit accord-
ing to a second embodiment of the invention;

FIG. 8 is a waveform diagram showing an example of a
driving signal supplied to Tx lines of a touch screen;

FIG. 9 is a waveform diagram comparing a sampling tim-
ing of a driving signal in a related art with a sampling timing
of a driving signal in an embodiment of the invention;

FIG. 10 illustrates an example of a typical integrator;

FIG. 11 illustrates a comparison between a related art and
an embodiment of the invention in a sampling timing and an
integration waveform;

FIG. 12 is a circuit diagram showing in detail an Rx driving
circuit according to an example embodiment of the invention;

FIG. 13 is a waveform diagram showing a control signal of
an Rx driving circuit according to an example embodiment of
the invention; and

FIGS. 14 and 15 are circuit diagrams showing an operation
of'a multiplexer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to embodiments of
the invention, examples of which are illustrated in the accom-
panying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts. It will be paid attention that detailed
description of known arts will be omitted if it is determined
that the arts can mislead the embodiments of the invention.

As shown in FIGS. 1 to 4, a display device according to an
example embodiment of the invention includes a display
panel DIS, a display driving circuit, a display timing control-
ler 20, a touch screen TSP, a touch screen driving circuit, a
touch coordinate calculation unit 30, etc. All components of
the display device are operatively coupled and configured.

The display device according to the embodiment of the
invention may be implemented based on a flat panel display,
such as a liquid crystal display (LCD), a field emission dis-
play (FED), a plasma display panel (PDP), an organic light
emitting diode (OLED) display, and an electrophoresis dis-
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play (EPD). In the following description, the embodiment of
the invention will be described using the liquid crystal display
as an example of the flat panel display. Other flat panel dis-
plays may be used.

The display panel DIS includes a lower substrate GLS2, an
upper substrate GLS1, and a liquid crystal layer formed
between the lower substrate GLS2 and the upper substrate
GLS1. The lower substrate GL.S2 of the display panel DIS
includes a plurality of data lines D1 to Dm, where m is a
natural number, a plurality of gate lines (or scan lines) G1 to
Gn crossing the data lines D1 to Dm, where n is a natural
number, a plurality of thin film transistors (TFTs) formed at
crossings of the data lines D1 to Dm and the gate lines G1 to
Gn, a plurality of pixel electrodes for charging liquid crystal
cells to a data voltage, a plurality of storage capacitors, each
of which is connected to the pixel electrode and holds a
voltage of the liquid crystal cell, etc.

Pixels of the display panel DIS are respectively formed in
pixel areas defined by the data lines D1 to Dm and the gate
lines G1 to Gn to form a matrix structure. The liquid crystal
cell of each pixel is driven by an electric field generated
depending on a voltage difference between the data voltage
supplied to the pixel electrode and a common voltage sup-
plied to a common electrode, thereby adjusting an amount of
incident light transmitted by the liquid crystal cell. The TFTs
are turned on in response to a gate pulse (or a scan pulse) from
the gate lines G1 to Gn, thereby supplying the voltage from
the data lines D1 to Dm to the pixel electrodes of the liquid
crystal cells.

The upper substrate GLS1 of the display panel DIS may
include black matrixes, color filters, etc. The lower substrate
GLS2 of the display panel DIS may be configured in a COT
(color filter on TFT) structure. In this instance, the black
matrixes and the color filters may be formed on the lower
substrate GL.S2 of the display panel DIS.

Polarizing plates POL1 and POL2 are respectively
attached to the upper and lower substrates GL.S1 and GL.S2 of
the display panel DIS. Alignment layers for setting a pre-tilt
angle of liquid crystals are respectively formed on the inner
surfaces contacting the liquid crystals in the upper and lower
substrates GLS1 and GLS2 of the display panel DIS. A col-
umn spacer may be formed between the upper and lower
substrates GL.S1 and GLS2 of the display panel DIS to keep
cell gaps of the liquid crystal cells constant.

A backlight unit may be disposed under a back surface of
the display panel DIS. The backlight unit may be configured
as one of an edge type backlight unit and a direct type back-
light unit to provide light to the display panel DIS. The dis-
play panel DIS may be implemented in any known mode
including a twisted nematic (TN) mode, a vertical alignment
(VA) mode, an in-plane switching (IPS) mode, a fringe field
switching (FFS) mode, etc.

The display driving circuit includes a data driving circuit
12 and a scan driving circuit 14. The display driving circuit
applies a video data voltage of an input image to the pixels of
the display panel DIS. The data driving circuit 12 converts
digital video data RGB received from the display timing
controller 20 into positive and negative analog gamma com-
pensation voltages and outputs the data voltage. The data
driving circuit 12 then supplies the data voltage to the data
lines D1 to Dm. The scan driving circuit 14 sequentially
supplies the gate pulse synchronized with the data voltage to
the gate lines G1 to Gn and selects a line of the display panel
DIS to which the data voltage will be applied.

The display timing controller 20 receives timing signals,
such as a vertical sync signal Vsync, a horizontal sync signal
Hsync, a data enable DE, and a main clock MCLK, from an
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external host system. The display timing controller 20 gener-
ates a data timing control signal and a scan timing control
signal for respectively controlling operation timings of the
data driving circuit 12 and the scan driving circuit 14 using the
timing signals. The data timing control signal includes a
source sampling clock SSC, a source output enable SOE, a
polarity control signal POL, etc. The scan timing control
signal includes a gate start pulse GSP, a gate shift clock GSC,
a gate output enable GOE, etc.

As shown in FIG. 2, the touch screen TSP may be attached
on the upper polarizing plate POL1 of the display panel DIS.
Alternatively, as shown in FIG. 3, the touch screen TSP may
be formed between the upper polarizing plate POL1 and the
upper substrate GLS1. Alternatively, as shown in FIG. 4,
touch sensors of the touch screen TSP may be formed on the
lower substrate GL.S2 along with a pixel array of the display
panel DIS in an in-cell type. In FIGS. 2 to 4, ‘PIX’ denotes the
pixel electrode of the liquid crystal cell.

The touch screen TSP includes Tx lines T1 to Tj, where j is
apositive integer less than n, Rx lines R1 to Ri crossing the Tx
lines T1 to Tj, where i is a positive integer less than m, and ixj
touch sensors TSN formed at crossings of the Tx lines T1 to
Tj and the Rx lines R1 to Ri. Each of the touch sensors TSN
has a mutual capacitance.

The touch screen driving circuit supplies a driving signal
(or Tx pulse) to the Tx lines T1 to Tj and successively samples
an output voltage of the touch sensor twice in one period (or
one cycle) of the driving signal, thereby sensing the amount of
change in the output voltage of the touch sensor. The touch
screen driving circuit includes a Tx driving circuit 32, an Rx
driving circuit 34, and a touch screen timing controller (here-
inafter referred to as a “T'SP timing controller”) 36. The Tx
driving circuit 32, the Rx driving circuit 34, and the TSP
timing controller 36 may be integrated in one readout inte-
grated circuit (ROIC). The touch coordinate calculation unit
30 may be also integrated in the ROIC.

The Tx lines T1 to Tj are connected to Tx channels of the
Tx driving circuit 32. The Tx driving circuit 32 selects a Tx
channel, which will output the driving signal, in response to a
Tx setup signal received from the TSP timing controller 36
and supplies the driving signal to the Tx lines T1 to Tj con-
nected to the selected Tx channel. The Tx lines T1 to Tj are
charged during a high potential period of the driving signal
and supplies charges to the touch sensors TSN. The Tx lines
T1 to Tj are charged during a low potential period of the
driving signal. As shown in FIG. 8, the driving signal is
successively supplied to each of the Tx lines T1 to Tj N times,
where N is a positive integer equal to or greater than 2, so that
an output voltage of the touch sensor may be accumulated in
an integrator through an Rx channel.

The Rx lines R1 to Ri are connected to Rx channels of the
Rx driving circuit 34. The Rx driving circuit 34 selects the Rx
channel, which will receive the output voltage of the touch
sensor, in response to an Rx setup signal received from the
TSP timing controller 36. The Rx driving circuit 34 succes-
sively samples signals received through the Rx channels
twice in each period of the driving signal and accumulates the
sampled signals in the integrator as shown in steps S1 and S2
of FIG. 5.

In related art, a Rx driving circuit sampled the output
voltage of the touch sensor once in one period of the driving
signal. On the other hand, the Rx driving circuit 34 according
to the embodiment of the invention samples the output volt-
age of the touch sensor when the Tx lines T1 to Tj are charged
to a high potential voltage of the driving signal, and also
samples the output voltage of the touch sensor when the Tx
lines T1 to Tj are charged to a low potential voltage. As a
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result, the touch sensing device according to the embodiment
of' the invention further increases the output voltage accumu-
lated in the integrator as compared to the related art, thereby
improving a signal-to-noise ratio (SNR).

The Rx driving circuit 34 converts the voltage accumulated
in the integrator into digital data Tdata using an analog-to-
digital converter (ADC) connected to an output terminal of
the integrator in step S3 of FIG. 5. The Rx driving circuit 34
supplies the digital data Tdata as touch raw data to the touch
coordinate calculation unit 30 in step S4 of FIG. 5.

The TSP timing controller 36 generates the Tx setup signal
for setting the Tx channel to output the driving signal and the
Rx setup signal for setting the Rx channel to receive the
voltage of the touch sensor. Further, the TSP timing controller
36 generates timing control signals for controlling operation
timings of the Tx driving circuit 32 and the Rx driving circuit
34.

The touch coordinate calculation unit 30 compares the
digital data Tdata received from the Rx driving circuit 34 with
a previously determined threshold value and determines the
digital data Tdata equal to or greater than the threshold value
as touch data obtained from the touch sensors at a real touch
input position. The touch coordinate calculation unit 30 gives
an identification (ID) code to each of the touch inputs and
analyzes the touch data using a previously determined touch
recognition algorithm. The touch coordinate calculation unit
30 calculates a coordinate of each of the touch inputs. The
touch coordinate calculation unit 30 transmits touch coordi-
nate data Txy including the coordinate of each of the touch
inputs to the host system. The touch coordinate calculation
unit 30 may be implemented as a microcontroller unit
(MCU).

The host system may be implemented as one of a naviga-
tion system, a set-top box, a DVD player, a Blu-ray player, a
personal computer (PC), a home theater system, a broadcast-
ing receiver, and a phone system. The host system includes a
system on chip (SoC), in which a scaler is embedded, and thus
converts image data into a format suitable for displaying on
the display panel DIS. Further, the host system runs an appli-
cation associated with a coordinate value of each of the touch
inputs received from the touch coordinate calculation unit 30.

FIG. 6 is a circuit diagram of the Rx driving circuit 34
according to a first embodiment of the invention. FIG. 7 is a
circuit diagram of the Rx driving circuit 34 according to a
second embodiment of the invention.

As shown in FIGS. 6 and 7, the Rx driving circuit 34
includes a multiplexer 64 formed between the Rx lines R1 to
Ri and an integrator 66, the integrator 66 formed between the
multiplexer 64 and an ADC 68, etc.

When the Tx lines T1 to Tj are charged to the high potential
voltage of the driving signal, the multiplexer 64 supplies input
signals received through the Rx lines R1 to Rito the integrator
66. When the voltages of the Tx lines T1 to Tj are the low
potential voltages, the multiplexer 64 switches on or off a
transmission path of the input signals so that polarities of the
input signals are inverted, and supplies the inverted input
signals to the integrator 66. The integrator 66 successively
samples the signal received through the multiplexer 64 twice
in one period of the driving signal. The ADC 68 converts an
output voltage of the integrator 66 into the digital data Tdata
and transmits the digital data Tdata to the touch coordinate
calculation unit 30.

As shown in FIG. 7, differential amplifiers 62, which are
pre-amplifiers, may be installed between the Rx lines R1 to Ri
and the multiplexer 64. Each differential amplifier 62 ampli-
fies a voltage difference between signals input through the
adjacent Rx lines and outputs the amplified voltage difter-
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ence. Each differential amplifier 62 amplifies the voltage
difference between the signals input through the adjacent Rx
lines, thereby reducing noise resulting from a parasitic
capacitance of the touch screen TSP. Hence, the differential
amplifiers 62 improve the signal-to-noise ratio. Each differ-
ential amplifier 62 amplifies a difference between voltages of
signals obtained from the touch sensors, which are adjacent to
one another in a direction of the Tx lines through a positive
output terminal and a negative output terminal, and thus may
be implemented as a fully differential amplifier, which out-
puts voltages of positive and negative signals having a
complementary relation.

FIG. 8 is a waveform diagram showing an example of the
driving signal supplied to the Tx lines of the touch screen TSP.
FIG. 9 is a waveform diagram comparing a sampling timing
of'the driving signal in a related art with a sampling timing of
the driving signal in the embodiment of the invention.

As shown in FIGS. 8 and 9, the driving signal is succes-
sively supplied to each of the Tx lines T1 to Tj N times, and is
sequentially supplied to the Tx lines T1 to Tj. The Tx lines T1
to Tj are charged to the high potential voltage of the driving
signal in one period of the driving signal and then are charged
to the low potential voltage applied when the driving signal is
not applied.

As shown in part (a) of FIG. 9, only when the Tx lines T1
to Tj are charged to the high potential voltage of the driving
signal, the related art Rx driving circuit samples voltages of
signals received through the Rx lines R1 to Ri and accumu-
lates the sampled voltages in a capacitor of the integrator. If
the related art Rx driving circuit double samples an output
voltage of the touch sensor when the Tx lines are charged to
the high potential voltage and are charged to the low potential
voltage in one period of the driving signal, voltages of differ-
ent polarities are successively supplied to the integrator.
Therefore, the voltages of the different polarities are not
accumulated in the integrator and cancel each other out. Thus,
the related art Rx driving circuit samples the output voltage of
the touch sensor only in a period, in which the Tx lines T1 to
Tj are charged to the high potential voltage in one period of
the driving signal. Namely, the related art Rx driving circuit
cannot perform the double sampling because of the cancella-
tion of the voltages of the integrator.

As shown in part (b) of FIG. 9, when the Tx lines T1 to Tj
are charged to the high potential voltage of the driving signal,
the Rx driving circuit 34 according to the embodiment of the
invention samples input signals and accumulates the sampled
input signals in the integrator 66. Subsequently, when the Tx
lines T1 to Tj are charged to the low potential voltage, the Rx
driving circuit 34 samples input signals, inverts polarities of
the input signals using the multiplexer 64, and accumulates
the inverted input signals in the integrator 66. As a result, the
Rx driving circuit 34 according to the embodiment of the
invention successively samples the input signals twice in one
period of the driving signal and accumulates voltages of the
sampled input signals in the integrator 66, thereby performing
the double sampling.

FIG. 10 illustrates an example of a typical integrator. FIG.
11 illustrates a comparison between the related art and the
embodiment of the invention in a sampling timing and an
integration waveform.

An output Vout of an integrator shown in FIG. 10 is
“Vout=Vinx(Cs/Cf)+A’ when an input signal Vin is a positive
voltage, where Cs is a sampling capacitor, Cf is a feedback
capacitor, and A is a noise component which is input along
with the input signal Vin. When a polarity of the input signal
Vin changes to a negative polarity, the output Vout of the
integrator changes to ‘Vout=—Vinx(Cs/C)+A’. As above,
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when the polarity of the input signal Vin is periodically
inverted, a polarity of a voltage sampled by the sampling
capacitor Cs is inverted as shown in part (a) of FIG. 11. Each
time the polarity of the voltage charged to the sampling
capacitor Cs is inverted, the voltages accumulated in the
feedback capacitor Cf of the integrator cancel out as shown in
part (b) of FIG. 11, but the noises are accumulated. Thus,
when the input signal Vin, of which the polarity is periodi-
cally inverted, is accumulated in the integrator, the signal-to-
noise ratio is reduced. In the related art, a voltage accumu-
lated in the integrator was sampled once for a period of time,
in which the Tx lines are charged to the high potential volt-
ages, in one period of the driving signal, so that the voltage
accumulated in the integrator does not cancel out by a voltage
of an opposite polarity.

As shown in part (¢) of FIG. 11, the Rx driving circuit 34
according to the embodiment of the invention controls the
voltages input to the integrator using the multiplexer 64 so
that they have the same polarity, thereby accumulating the
double sampled voltages in the integrator in one period of the
driving signal. Thus, as shown in part (d) of FIG. 11, the Rx
driving circuit 34 according to the embodiment of the inven-
tion performs the double sampling, which successively accu-
mulates the sampled voltages in the integrator twice in one
period of the driving signal, thereby increasing the integration
effect by more than twice as compared to the related art. As a
result, the signal-to-noise ratio may be improved.

FIG. 12 is a circuit diagram showing in detail the Rx
driving circuit according to the embodiment of the invention.
FIG. 13 is awaveform diagram showing a control signal of the
Rx driving circuit according to the embodiment of the inven-
tion. FIGS. 14 and 15 are circuit diagrams showing an opera-
tion of the multiplexer.

As shown in FIGS. 12 to 15, the integrator 66 includes
sampling capacitors Cs1 and Cs2 and switches S11, S21, S31,
S12, S22, and S32, which are connected between the multi-
plexer 64 and a differential amplifier 65. Capacitors Cint1 and
Cint2 for accumulating the sampled voltages and reset
switches Srstl and Srst2 are connected between input termi-
nals and output terminals of the differential amplifier 65.

The multiplexer 64 includes first and second input termi-
nals, first and second output terminals, and switch elements
for switching on or off a signal transmission path between the
input terminals and the output terminals. The first and second
input terminals of the multiplexer 64 may receive first and
second signals Vinl and Vin2 through the Rx lines R1 to Ri as
shown in FIG. 6. Alternatively, as shown in FIG. 7, the first
and second input terminals of the multiplexer 64 may receive
the first and second signals Vinl and Vin2 which are received
through the Rx lines R1 to Ri and are amplified by the differ-
ential amplifiers 62. The first signal Vin1 is input to the first
input terminal of the multiplexer 64, and the second signal
Vin2 is input to the second input terminal of the multiplexer
64. The multiplexer 64 switches on or off a signal transmis-
sion path of input signals in response to a MUX control signal
Cmux received from the TSP timing controller 36. As shown
in FIG. 13, a period of the MUX control signal Cmux is
substantially the same as the period of the driving signal. A
phase of the MUX control signal Cmux is later than a phase of
the driving signal by about 45° to 180°.

As shown in FIG. 14, when a voltage of the MUX control
signal Cmux is a low logic level, the multiplexer 64 connects
the first input terminal to the first output terminal and con-
nects the second input terminal to the second output terminal.
On the other hand, as shown in FIG. 15, when the voltage of
the MUX control signal Cmux is a high logic level, the mul-
tiplexer 64 connects the first input terminal to the second
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output terminal and connects the second input terminal to the
first output terminal. The MUX control signal Cmux rises in
the high potential period of the driving signal and falls in the
low potential period of the driving signal.

The first sampling capacitor Cs1 is connected between the
first output terminal of the multiplexer 64 and a first input
terminal (-) of the differential amplifier 65. The first sampling
capacitor Csl samples and stores a voltage from the first
output terminal of the multiplexer 64 and supplies the
sampled voltage to the first input terminal (-) of the differen-
tial amplifier 65. The second sampling capacitor Cs2 is con-
nected between the second output terminal of the multiplexer
64 and a second input terminal (+) of the differential amplifier
65. The second sampling capacitor Cs2 samples and stores a
voltage from the second output terminal of the multiplexer 64
and supplies the sampled voltage to the second input terminal
(+) of the differential amplifier 65.

The first switch S11 is connected between the first output
terminal of the multiplexer 64 and a first electrode of the first
sampling capacitor Cs1, and a ground level voltage source
GND. The first switch S11 is turned on in response to a pulse
of'a second switch control signal ¢2. The second switch S21
is connected between a second electrode of the first sampling
capacitor Cs1 and the ground level voltage source GND. The
second switch S21 is turned on in response to a pulse of a first
switch control signal ¢1. The third switch S31 is connected
between the second electrode of the first sampling capacitor
Cs1 and the first input terminal (-) of the differential amplifier
65. The third switch S31 is turned on in response to the pulse
of'the second switch control signal $2. The fourth switch S12
is connected between the second output terminal of the mul-
tiplexer 64 and a first electrode of the second sampling
capacitor Cs2, and the ground level voltage source GND. The
fourth switch S12 is turned on in response to the pulse of the
second switch control signal $2. The fifth switch S22 is con-
nected between a second electrode of the second sampling
capacitor Cs2 and the ground level voltage source GND. The
fifth switch S22 is turned on in response to the pulse of the first
switch control signal ¢1. The sixth switch S32 is connected
between the second electrode of the second sampling capaci-
tor Cs2 and the second input terminal (+) of the differential
amplifier 65. The sixth switch S32 is turned on in response to
the pulse of the second switch control signal ¢2.

The differential amplifier 65 may be implemented as a fully
differential amplifier having first and second input terminals,
and first and second output terminals. The first integral
capacitor Cintl and the first reset switch Srstl are connected
in parallel to each other between the first input terminal (-)
and a first output terminal (+) of the differential amplifier 65.
The second integral capacitor Cint2 and the second reset
switch Srst2 are connected in parallel to each other between
the second input terminal (+) and a second output terminal (-)
of the differential amplifier 65. The first and second integral
capacitors Cintl and Cint2 accumulate the sampled voltages.
The first reset switch Srstl connects both terminals of the first
integral capacitor Cintl in response to a reset pulse (not
shown) and resets the first integral capacitor Cint1. The sec-
ond reset switch Srst2 connects both terminals of the second
integral capacitor Cint2 in response to the reset pulse and
resets the second integral capacitor Cint2.

The first and second switch control signals ¢1 and ¢2 are
out of phase with each other and have a frequency two times
higher than the MUX control signal Cmux. The second
switch S21 is turned on when the pulse of the first switch
control signal ¢1 is generated, and supplies the voltage from
the first output terminal of the multiplexer 64 to the first
sampling capacitor Csl. The fifth switch S22 is turned on
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when the pulse of the first switch control signal ¢1 is gener-
ated, and supplies the voltage from the second output terminal
of the multiplexer 64 to the second sampling capacitor Cs2.
Thus, when the pulse of the first switch control signal ¢1 is
generated, the first and second sampling capacitors Cs1 and
Cs2 store the voltages of the signals Vinl and Vin2 received
through the multiplexer 64 and sample the signals Vinl and
Vin2.

The first and third switches S11 and S31 are turned on
when the pulse of the second switch control signal ¢2 is
generated, and connect the first sampling capacitor Csl in
series to the first integral capacitor Cintl. The first and third
switches S11 and S31 then supply the voltage of the first
sampling capacitor Cs1 to the first integral capacitor Cintl.
The fourth and sixth switches S12 and S32 are turned on when
the pulse of the second switch control signal ¢2 is generated,
and connect the second sampling capacitor Cs2 in series to the
second integral capacitor Cint2. The fourth and sixth switches
S12 and S32 then supply the voltage of the second sampling
capacitor Cs2 to the second integral capacitor Cint2. Thus,
when the pulse of the second switch control signal ¢2 is
generated, the first and second integral capacitors Cintl and
Cint2 accumulate the sampled voltages.

In FIG. 13, the arrows indicate the sampling timing in the
double sampling according to the embodiment of the inven-
tion. And, $01 and ¢02 are switch control signals applied to
the sampling switches when the sampling operation is per-
formed only during the high potential period of the driving
signal in one period of the driving signal in the related art.

During the high potential period of the driving signal, the
voltage of the first signal Vinl is a positive voltage higher than
the second signal Vin2. As shown in FIG. 14, the multiplexer
64 supplies the first signal Vin1 of the positive voltage to the
first sampling capacitor Cs1 and supplies the second signal
Vin2 of the negative voltage to the second sampling capacitor
Cs2 during the high potential period of the driving signal.
Thus, during the high potential period of the driving signal,
the first sampling capacitor Cs1 samples the first signal Vinl
of the positive voltage, and the first integral capacitor Cint1
stores the sampled positive voltage. During the high potential
period of the driving signal, the second sampling capacitor
Cs2 samples the second signal Vin2 of the negative voltage,
and the second integral capacitor Cint2 stores the sampled
negative voltage.

During the low potential period of the driving signal, the
voltage of the second signal Vin2 is a positive voltage higher
than the first signal Vinl. As shown in FIG. 15, the multi-
plexer 64 supplies the second signal Vin2 of the positive
voltage to the first sampling capacitor Cs1 and supplies the
first signal Vinl of the negative voltage to the second sam-
pling capacitor Cs2 during the low potential period of the
driving signal. Thus, during the low potential period of the
driving signal, the first sampling capacitor Cs1 samples the
second signal Vin2 of the positive voltage, and the first inte-
gral capacitor Cint1 stores the sampled positive voltage. Dur-
ing the low potential period of the driving signal, the second
sampling capacitor Cs2 samples the first signal Vinl of the
negative voltage, and the second integral capacitor Cint2
stores the sampled negative voltage.

The Rx driving circuit 34 according to the embodiment of
the invention switches on or off the transmission path of the
input signals using the multiplexer 64. Hence, when The Rx
driving circuit 34 performs the double sampling in one period
of the driving signal, the Rx driving circuit 34 may accumu-
late only the positive voltages in the first integral capacitor
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Cint1 of the integrator 66 and may accumulate only the nega-
tive voltages in the second integral capacitor Cint2 of the
integrator 66.

The integrator 66 includes the positive output and the nega-
tive output. The output ‘Vout(+)’ of the positive voltage out-
put through the first output terminal (+) of the differential
amplifier 65 is ‘Vout(+)=Vinx(Cs/Cf)+A’. On the other hand,
the output ‘Vout(-)’ of the negative voltage output through the
second output terminal (-) of the differential amplifier 65 is
“Vout(-)=—{(-Vin)x(Cs/Cf)}-A’. In the above output, Cs is
the same as Cs1 and Cs2, Cf'is the same as Cintl and Cint2,
Vin is the same as Vinl and Vin2, and A is the noise compo-
nent input along with the input signal Vin. Thus, the final
output ‘Vout(final)’ of the integrator 66 is ‘Vout(final)={ Vinx
(Cs/CH+A}+[-{(-Vin)x(Cs/Cf)}-A]=2 Vinx(Cs/Cf)’. As a
result, the Rx driving circuit 34 according to the embodiment
of the invention accumulates the signal voltages as shown in
part (d) of FIG. 11 to increase the signal in the signal-to-noise
ratio by more than twice as compared to the related art.
Further, the Rx driving circuit 34 according to the embodi-
ment of the invention cancels the positive noise and the nega-
tive noise out, thereby greatly improving the signal-to-noise
ratio.

As described above, the embodiment of the invention peri-
odically switches on or off the transmission path of the first
and second signals received through the Rx lines and accu-
mulates the signal voltages of the same polarity in the inte-
grator, thereby implementing the double sampling in one
period of the driving signal. As a result, the embodiment of
the invention increases the accumulated voltages of the inte-
grator and reduces the noise amount, thereby increasing the
signal-to-noise ratio.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A touch sensing device comprising:

a touch screen including Tx lines, Rx lines crossing the Tx
lines, and touch sensors formed at crossings of the Tx
lines and the Rx lines;

aTx driving circuit configured to supply a driving signal to
each of the Tx lines; and

an Rx driving circuit configured to double sample signals
received through the Rx lines in one period of the driving
signal, the signals generated on the Rx lines in response
to the driving signals supplied to the Tx lines,

wherein the Rx driving circuit includes:

a multiplexer configured to receive first and second signals
generated from double sampling of the signals received
through the Rx lines and switch on or off a signal trans-
mission path of the first and second signals; and

an integrator configured to sample and integrate the first
and second signals received from the multiplexer.

2. The touch sensing device of claim 1, wherein one period
of'the driving signal includes a high potential period and a low
potential period,

wherein the multiplexer supplies the first signal to a first
sampling capacitor and supplies the second signal to a
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second sampling capacitor during the high potential
period of the driving signal, and

wherein the multiplexer supplies the second signal to the
first sampling capacitor and supplies the first signal to
the second sampling capacitor during the low potential
period of the driving signal.

3. The touch sensing device of claim 2, wherein the inte-

grator includes:

a first integral capacitor configured to accumulate positive
voltages which are successively supplied from the first
sampling capacitor twice in the one period of the driving
signal;

a second integral capacitor configured to accumulate nega-
tive voltages which are successively supplied from the
second sampling capacitor twice in the one period of the
driving signal; and

a differential amplifier connected to the first and second
integral capacitors,

wherein the first integral capacitor is connected between a
first input terminal and a first output terminal of the
differential amplifier,

wherein the second integral capacitor is connected
between a second input terminal and a second output
terminal of the differential amplifier.

4. The touch sensing device of claim 3, wherein the mul-
tiplexer switches on or off the signal transmission path in
response to a MUX control signal,

wherein a period of the MUX control signal is substantially
the same as a period of the driving signal, and a phase of
the MUX control signal is later than a phase of the
driving signal,

wherein the MUX control signal rises in the high potential
period of the driving signal and falls in the low potential
period of the driving signal.

5. The touch sensing device of claim 4, wherein the inte-

grator includes:

a first switch which is connected between a node, between
a first output terminal of the multiplexer and a first
electrode of the first sampling capacitor, and a ground
level voltage source and is turned on in response to a
pulse of a second switch control signal;

a second switch which is connected between a second
electrode of the first sampling capacitor and the ground
level voltage source and is turned on in response to a
pulse of a first switch control signal;

a third switch which is connected between the second
electrode of the first sampling capacitor and the first
input terminal of the differential amplifier and is turned
on in response to the pulse of the second switch control
signal;

a fourth switch which is connected between a node,
between a second output terminal of the multiplexer and
a first electrode of the second sampling capacitor, and
the ground level voltage source and is turned on in
response to the pulse of the second switch control signal;

a fifth switch which is connected between a second elec-
trode of the second sampling capacitor and the ground
level voltage source and is turned on in response to the
pulse of the first switch control signal; and

a sixth switch which is connected between the second
electrode of the second sampling capacitor and the sec-
ond input terminal of the differential amplifier and is
turned on in response to the pulse of the second switch
control signal,

wherein the first and second switch control signals are out
of'phase with each other and have a frequency two times
higher than the MUX control signal.

12

6. A double sampling method of a touch sensing device
including a touch screen including Tx lines, Rx lines crossing
the Tx lines, and touch sensors formed at crossings of the Tx
lines and the Rx lines, the method comprising:

5 supplying a driving signal to each of the Tx lines; and
double sampling signals received through the Rx lines in
one period of the driving signal, the signals generated on
the Rx lines in response to the driving signals supplied to
the Tx lines,

19 wherein the double sampling of the received signals
includes:

receiving first and second signals generated from double

sampling of the signals received through the Rx lines

15 from a multiplexer and switching on or off a signal

transmission path of the first and second signals; and
sampling and integrating the first and second signals using
an integrator connected to the multiplexer.

7. The touch sensing device of claim 1, wherein the Rx

20 driving circuit samples the signals received through the Rx
lines once during a first half cycle of each period of the driving
signal the Tx lines and once during a second half cycle of each
period of the driving signal to the Tx lines.

8. The touch sensing device of claim 7, wherein the inte-

25 grator integrates the first signal during the first half cycle of
each period of the driving signal to the Tx lines and an
inversion of the second signal during the second half cycle of
each period of the driving signal to the Tx lines.

9. The touch sensing device of claim 7, wherein the driving

30 signal is at a high potential during the first half cycle of each
period of the driving signal to the Tx lines and at a low
potential during the second half cycle of each period of the
driving signal to the Tx lines.

10. The touch sensing device of claim 1, wherein the mul-

35 tiplexer switches on the signal transmission path of the first
and second signals during the first half cycle of each period of
the driving signal to the Tx lines and switches off the signal
transmission path of the first and second signals during the
second halfcycle of each period of the driving signal to the Tx

40 lines to invert polarities of the first and second signals.

11. The touch sensing device of claim 1, wherein the sig-
nals on the Rx lines are generated responsive to the driving
signals to the Tx lines by mutual capacitance between the Tx
lines and the Rx lines.

45 12. The touch sensing device of claim 1, wherein the sig-
nals onthe Rx lines are voltage signals, and the first signal and
the second signal are sampled voltages corresponding to the
voltage signals on the Rx line.

13. The touch sensing device of claim 1, wherein the touch

50 sensing device is formed on a substrate of a display panel
together with a pixel array of the display panel in an in-cell
type.

14. The touch sensing device of claim 1, wherein integrator
integrates differences between the first signal and the second

55 signal corresponding to adjacent Rx lines.

15. The double sampling method of claim 6, wherein the
signals received through the Rx lines are sampled once during
a first half cycle of each period of the driving signal to the Tx
lines and once during a second half cycle of each period of the

60 driving signal to the Tx lines.

16. The double sampling method of claim 15, wherein the
first signal is integrated during the first half cycle of each
period of the driving signal to the Tx lines and an inversion of
the second signal is integrated during the second half cycle of

65 each period of the driving signal to the Tx lines.

17. The double sampling method of claim 15, wherein the
driving signal is at a high potential during the first half cycle
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of'each period of the driving signal to the Tx lines and at a low
potential during the second half cycle of each period of the
driving signal to the Tx lines.

18. The double sampling method of claim 6, wherein the
signal transmission path of the first and second signals is 5
switched on during the first half cycle of each period of the
driving signal to the Tx lines and switched off during the
second halfcycle of each period of the driving signal to the Tx
lines to invert polarities of the first and second signals.

19. The double sampling method of claim 6, wherein the 10
signals on the Rx lines are generated responsive to the driving
signals to the Tx lines by mutual capacitance between the Tx
lines and the Rx lines.

20. The double sampling method of claim 6, wherein the
signals on the Rx lines are voltage signals, and the first signal 15
and the second signal are sampled voltages corresponding to
the voltage signals on the Rx line.

21. The double sampling method of claim 6, wherein inte-
grating the first and second signals comprises integrating
differences between the first signal and the second signal 20
corresponding to adjacent Rx lines.
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